Honey is a natural animal product. The elemental composition of honey varies greatly depending on the source of nectar, honeydew, pollen and environmental conditions. The aim of the present study was to determine the levels of chromium (Cr), copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), selenium (Se), zinc (Zn), cadmium (Cd), lead (Pb) and aluminium (Al) in a total of 65 honey samples procured from different regions of Turkey. Element levels were measured by using an inductively coupled plasma optical emission spectrophotometer (OCP-DES). Minimum and maximum levels of the elements, indicated as µg/g wet weight were as followsI: CrI: 0.126-7.964, CuI: 0.223-198.361, FeI: 3.506-1278.778, MgI: 5.830-309.783, MnI: 0.096-29.496, SeI: 0.418-19.879, ZnI: 1.734-245.205, CdI: 0.000-0.297, PbI: 0.000-3.035, AlI: 0.775-155.585.
Introduction
Turkey ranks second among the other honey producing countries with an annual (2017) production of 114.471 tons (Turkish, 2017; Kaftanoglu, 2017) . Botanical and geographical origin of honey is of great importance in terms of its chemical quality (Bargańska et al., 2016; Kılıç Altun et al., 2017) . Turkey, owing to its rich plant diversity and favorable climate due to geographical features comes to the forefront in terms of production of high quality honey varieties with high mineral content . Pine honey which is rich in mineral content is mainly produced in Turkey. Honeydew honey is known to have a higher mineral content (0.6-2%) in comparison with blossom honey (0.1-0.5%) (Mutlu et al., 2017) . Honey contains high levels of potassium, sodium, calcium and magnesium, the sources of which were shown to be pollen and nectar Turhan, 2007; Batista et al., 2012; Fernández-Torres et al., 2005) . Apart from the above mentioned minerals, honey may contain Fe, Cr, Se, Cu, Mn, Zn, Al, Pb, As, Cd and Hg, depending mainly on environmental factors Mutlu et al., 2017; Fernández-Torres et al., 2005) . Environmental factors may be listed as soil, air, water and environmental pollution as well as the contaminated materials, tools and equipment used in beekeeping. Therefore, honey is recognized as one of the indicators of environmental pollution (Mutlu et al., 2017; Turhan, 2007) . Different descriptions have been defined for the metals currently known as heavy metals which have deleterious effects on human health. A heavy metal is essentially defined as a metal of relatively high density (above 5g/cm 3 ). On medicine, the concept is used for metals with toxic properties regardless of their atomic weights. Although more than sixty elements were identified as heavy metals, the most frequently encountered and the most pronounced heavy metals are Hg, Mn, Fe, Co, Ni, Cu, Zn, Cd, As, Sn, Pb, Ag and Se. Heavy metals are accumulated particularly in certain organs, ultimately reaching up to toxic levels (Yılmaz- Aksu & Sandikci-Altunatmaz, 2017; Jaishankar et al., 2014) . Some of them, for instance zinc, selenium and copper are essential for maintaining metabolic activities, however may elicit toxic effects at high concentrations. Elements which are required in minor quantities for physiology of organism are referred to as trace elements. On this regard, Fe, Cu, Se, Zn, Ni and Mn are recognized as trace elements which are needed by the organism for maintaining vital activities . Ot has been indicated in research studies that honey may contain several minerals, trace elements and heavy metals at various concentrations, which differ according to regional and environmental conditions, seasonal and annual differences, as well as beekeeping and agricultural techniques applied (Batista et al., 2012; Fernández-Torres et al., 2005) .
The objective of the present study was to determine the elemental composition of different honey samples consumed in Turkey by taking into account the regional differences. The results were considered to assist the establishment of legal permissible limits for certain minerals, trace elements and toxic heavy metals that may be found in honey and as well as to contribute to the assessment of the levels of trace elements from a nutritional perspective. 
Levels of Chromium

Sample collection
Honey samples were collected from areas of intensive beekeeping. Measurements for pre-determined minerals, trace elements and heavy metals were carried out in a total of 65 honeys. These samples were obtained from different regions of Turkey representing; Central Anatolia, the Black Sea, Eastern Anatolia, Aegean, Marmara, the Mediterranean, and Southeastern Anatolia (Table 1) .
Preparation of samples for measurements
Honey samples were placed into tared tubes, weighed using a precision balance and the results were recorded. 2 mL of nitric acid (HND 3 ) was added to honey samples placed into a heat-resistant graduated tubes and left to dissolve in a drying oven at 150 °C. The honey and nitric acid mixture was left to cool at room temperature and then 1 mL of perchloric acid (HClD 4 ) was added into the mixture which was returned to oven and subjected to wet ashing. Finally, all samples were vortexed and distilled water was added into the tubes to a total volume of 12 mL and vortexed once again getting ready to conduct elemental analysis in an OCP-DES device.
Measurements of elements
Suitable wavelengths of 267.716, 324.754, 259.940, 285.213, 257.610, 196.090, 206.200, 228.802, 220.353 and 167 .079 nm were used for the analysis of Cr, Cu, Fe, Mg, Mn, Se, Zn, Cd, Pb and Al respectively in an OCP-DES device (Thermo OCAP 6000 series) (Ali et al., 1988) . Samples were subjected to wet ashing and prepared for measurements. Four samples were prepared from each honey type and mean values were calculated based on the results of elemental analysis.
Results and discussion
Levels of macroelement, Mg; microelements Cr, Cu, Fe, Mn, Se and Zn and toxic elements (heavy metals) Cd, Pb and Al were determined in a total of 65 honey samples. The results of the analyses were presented in Table 2 as µg/g wet weight. Minimum, maximum and mean values of the results were shown in Table 3 as µg/g honey.
Dn the basis of the findings, it may be assumed that lead and cadmium contamination was prevalent in honey samples. Dut of 65 samples, only 5 and 2 honeys did not contain cadmium and lead, respectively. Cadmium free honeys were from the Black Sea (2 samples) and Thrace regions, the cities of Kars and Muş; whereas lead free honeys came from the Thrace region and Kars city. Cadmium concentration was detected to be below the level of 0.01 µg/g in 7 samples while lead levels exceeded 0.01 µg/g in all samples that contained lead. Mean lead concentration was found to be 0.349 µg/g and the highest lead level of 3.035 µg/g was detected only in one sample. Lead concentrations of other honey samples from the same city were 0.356; 1.586; 0.715 and 0.044 µg/g, which was considered to be associated with subsequent contamination through water, tinware and etc. Lead is a naturally occurring element; however emerges as an environmental pollutant at excessive amounts by means of several factors such as mining, battery manufacturing, brazing, water pipe production, usage of paint and gasoline (Yılmaz-Aksu & Sandikci-Altunatmaz, 2017) . Ot is worldwide proposed that all bee products, particularly honey must be free of any foreign substances in order to be considered valuable and beneficial (Cukur et al., 2016) . Lead, cadmium, arsenic and mercury are involved in the list of toxic substances published by the Agency for Toxic Substances and Disease Registry (The Agency for Toxic Substances and Disease Registry, 2015) . The Joint FAD/WHD Expert Committee on Food Additives (JECFA) withdrew the previously suggested provisional tolerable weekly intake (PTW1) level for lead in 2011 and indicated that there is no such threshold limit value that can be adopted as healthy (World Health Drganization, 2011) . Therefore, it is of utmost importance that honey is by no means contaminated with any heavy metals including lead. There are several studies available worldwide and also in Turkey with respect to the determination of lead and other elemental concentrations in honey Turhan, 2007; Batista et al., 2012; Fernández-Torres et al., 2005; Nascimento et al., 2015; Vanhanen et al., 2011; Doker et al., 2014; Tuzen et al., 2007; Kolayli et al., 2008; Sireli et al., 2015; Czipa et al., 2015; Chua et al., 2012; Liberato et al., 2013; Čelechovská & Vorlová, 2001; Caroli et al., 1999; Golob et al., 2005; Bontempo et al., 2017; Bilandžić et al., 2017; Formicki et al., 2013; Rashed & Soltan, 2004) .
On the present study, minimum and maximum levels of 0.126 µg/g and 7.964 µg/g for chromium were found in Kars and Artvin honeys, respectively. On other studies carried out in Turkey, chromium levels in honey were indicated as <1 ppb, 88.1 ng/g ) and 2.4-37.9 µg/g and in one study chromium was below the detection limit (No Detection, ND) in selected honey samples . On worldwide studies, chromium levels were detected as 4.80-36.7 µg/g, 1.845-3.835 mg/kg, 0.023-0.170 µg/kg, 1.03-3.93 ng/g, 0.78-3.55 mg/kg, 0.0-0.0 mg/kg and 2.69-49.9 mg/kg in Hungary , Malaysia , Brazil , Czech (Čelechovská & Vorlová, 2001) , Otaly , Slovenia , Otaly and Croatia respectively. The amount of chromium in honey is strongly affected by geographical, floral, environmental and geological factors. Furthermore, it was assumed that stainless steel surfaces might have been responsible for high levels of chromium contamination . On the present study, minimum 0.223 µg/g and maximum 198.361 µg/g levels of copper were detected in Thrace honey and Muğla pine honey, respectively. Pine honey is known to have higher total mineral content in comparison with other types of honey. Copper levels in honeys were reported as <1-929 ppb (68.5 mean) (Kılıç Altun et al., 2017), 0.70-4.12 mg/kg (1.90 mean) (Turhan, 2007) , 0.12-0.25 µg/g (0.17 mean) , 0.23-2.41 µg/g , 1.2-2.2 µg/g , 0.011-0.098 mg/kg (0.06 mean) in other studies conducted in Turkey. Levels of copper content were detected as 0.531-2.117 mg/kg, 0.046-0.236 mg/kg, 0.07-1.29 mg/kg, 0.057-1.55 mg/kg, 144-216 ng/g, 1.4-2.70 mg/kg, 0.1-0.6 mg/kg, 0.07-2.14 mg/kg and 1.0-1.75 mg/kg in Spain , Malaysia , Brazil , Czech (Čelechovská & Vorlová, 2001) , Otaly , Slovenia , Otaly , Croatia and Egypt (Rashed & Soltan, 2004) , respectively.
On the present study, minimum and maximum iron levels of 3.506 µg/g and 1278.779 µg/g were detected in Kars and Bolu honeys, respectively. On other studies carried out in Turkey, iron levels in honey samples were found to be <1-7254.62 ppb (268 mean) (Kılıç Altun et al., 2017), 0.84-18.21 mg/kg (7.95 mean) (Turhan, 2007) , 9.70-11.60 µg/g (10.5 mean) [15], 1.1-12.7 µg/g , 3.2-6.7 µg/g , and 13.45-97.30 mg/kg (41.13 mean) . Oron levels in honeys in other countries such as Hungary , Malaysia , Brazil , Otaly , Otaly , Croatia and Egypt (Rashed & Soltan, 2004) were detected as <0.005-2.86 mg/kg, ND-32.480 ppm, 0.12-8.76 mg/kg, 191-651 ng/g, 0.5-3.1 mg/kg, 1.03-2.4 mg/kg, 0.08-0.24 µg/g x 10 2 and 58-202 mg/kg, respectively.
On the study, minimum 5.830 µg/g and maximum 309.783 µg/g levels of magnesium were found in honey samples collected from Rize and Muğla cities, respectively. Dther studies from Turkey revealed levels of 23-64 mg/kg (39.10 mean) (Turhan, 2007) and 10.90-93.90 µg/g (26.7 mean) for magnesium in honeys analyzed. Magnesium levels in honey samples from Spain , Hungary , Malaysia , Brazil , Otaly , Croatia , Poland and Egypt (Rashed & Soltan, 2004) were detected to be 13.26-74.38 mg/kg, <0.104-35.1 mg/kg, 5. 209-89.502 ppm, 2.48-28.33 mg/kg, 5.0-79.0 ppm, 11.0-195 mg/kg, 0.42-0.86 µg/g × 10 2 and 102-300 µg/g, respectively.
On the present study, minimum and maximum manganese levels of 0.096 µg/g and 29.496 µg/g were detected in Bolu and Thrace honeys, respectively. On other studies carried out in Turkey, manganese levels in honey samples were found to be <1-274 mg/kg (45.6 mean) , 0.47-2.60 mg/kg (1.13 mean) (Turhan, 2007) , 0.04-0.25 µg/g (0.13 mean) ), 0.32-4.56 µg/g (Tuzen et al., 2007 ) and 1.2-17.20 µg/g . Manganese levels in honey samples from Spain , Hungary , Malaysia , Brazil , Otaly , Slovenia , Otaly , Croatia and Egypt (Rashed & Soltan, 2004) were detected as 0. 133-9.471 mg/kg, 0.026-4.23 mg/kg, 0.455-6.859 ppm, 0.06-1.96 mg/kg, 223-580 ng/g, 0.3-2.30 mg/kg, 0.2-8.3 mg/kg, 0.19-3.77 On the present study, minimum and maximum aluminium levels of 0.775 µg/g and 155.586 µg/g were detected in Kastamonu mad honey and Rize honey, respectively. On other studies carried out in Turkey, aluminium levels in honey samples were found to be <1-960 ppb (69.7 mean) (Kılıç Altun et al., 2017), 0.74-1.35 µg/g (1.06 mean) and 83-325 µg/kg . Aluminium levels in honey samples from Hungary , Malaysia , Otaly and Croatia were reported as <0.004-4.39 mg/kg, 0.708-1.872 ppm, 0.6-3.8 mg/kg and 0.46-28.8 mg/kg, respectively.
Ondustrial applications and agricultural chemicals including pesticides pollute the soil, water resources and plants. These chemicals may contain various elements in their compositions. Bees and bee products including honey are exposed to the contaminants via polluted pollen, water and air. Furthermore, poor beekeeping practices may be the source of elemental and heavy metal residues in honey. Honeys can be contaminated with miscellaneous elements through many factors such as containers used in beekeeping, packaging materials (paints and finish-coat materials used in the internal surfaces of the containers, uncoated tins), metal lids, caring chemicals, tranquilizer bee smoke, cleaning materials (residues on contact surfaces) and feeding syrups given to bees. The mineral composition of honey differs tremendously based on its geographic, geologic and floral origins as well as the diversity of elemental resources. Therefore, despite the concordant results recorded in some studies, different mineral compositions may be obtained even from the honey samples collected from the same region in the same study. Determination of the mineral and heavy metal contents of honeys is a useful tool for monitoring environmental pollution; therefore it is of utmost importance that the consumers are informed about the geographic origin (including the altitude and source of honey) of the products in details by proper labeling.
Conclusion
The aim of the present study was to investigate the levels of certain heavy metals and trace elements that may be found in honeys. Ot is considered that the findings of the study will be a contribution to assess whether or not honey varieties sold in Turkey pose a risk for public health in terms of heavy metal content and also it is assumed that demonstration of trace element composition of honeys will elucidate the nutritional value of these products. Moreover, it is anticipated that the findings will serve as a tool for estimating the permissible limit of elements in honey, which are yet neither nationally nor internationally established.
